Overexpression of DILP1-7 Promotes Growth
The Expression of dilp2, 3, and 5 in the m-NSCs Is Independently Regulated The presence of seven dilp genes but only one receptor signaling pathway in the Drosophila genome raises the The dilp2, 3, and 5 genes are located together with dilp1 and dilp4 in a gene cluster spanning 26 kb on the third question of whether the different DILPs possess different functions. It is possible, for example, that some of chromosome. To search for enhancer elements controlling the expression of the three genes in the m-NSCs, we the DILPs act as receptor antagonists, as has been postulated for some of the insulin-like peptides in C. elegans constructed a series of lacZ reporter genes containing various amounts of upstream genomic sequences (Fig-[24] . We tested whether DILP1 and DILP3-7, like DILP2, also promote growth when expressed ubiquitously ure 3). Upstream fragments of 1.0 kb, 1.7 kb, and 450 bp derived from the dilp2, 3, and 5 genes, respectively, throughout development. As shown in Figure 1 , expression of each of the dilp genes under the control of the were sufficient to drive reporter gene expression specifically in the m-NSC. Thus, each of the three genes posweak, ubiquitous armadillo-Gal4 (arm-Gal4) driver caused a statistically significant increase in body size. sesses its own m-NSC-specific enhancer. A further dissection of these upstream sequences revealed that a The largest increase in body size was observed by dilp2 overexpression resulting in a 51% weight gain in males 394 bp fragment located at position Ϫ540 to Ϫ146 of dilp2 is sufficient to recapitulate the expression of dilp2 ( Figure 1A) . Constitutive, high levels of expression of the dilp genes using an actin-Gal4 driver caused lethality in the m-NSCs. This construct, however, is no longer expressed in imaginal discs, suggesting that different in the case of dilp2 and slightly higher weight increases with the other dilp constructs (data not shown). Interestenhancer elements control expression in this tissue. The cis-regulatory elements that control dilp3 expression are ingly, expression of the human insulin gene either under heat shock or actin control did not cause a significant more complex. The m-NSC-specific expression depends on two separate elements located between Ϫ763 increase in body size or lethality (data not shown), despite its known growth-promoting effect in tissue culture to Ϫ1167 and between ϩ1 to Ϫ165, including the putative transcription start site. The fragment located be-[25]. It is possible that preproinsulin is not processed struct. In these larvae, lacZ mRNA was severely reduced upon starvation, while LacZ activity was still detectable owing to the stability of the LacZ protein (Figures 4G-4J) . Therefore, the enhancer elements that respond to startween the m-NSC enhancers drives expression of dilp3 in gut muscles.
vation are located in the 450 bp fragment used to analyze dilp5 expression. These results demonstrate that at least Surprisingly, sequence comparison of the genomic 
